PCT 



Best Available Copy 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
A61B 17/11 



Al 



(11) International Publication Number: 



WO 99/48427 



(43) International Publication Date: 30 September 1999 (30.09.99) 



(21) International Application Number: 

(22) International Filing Date: 



PCT/NO99/00093 
19 March 1999 (19.03.99) 



(30) Priority Data: 
19981277 



20 March 1998 (20.03.98) 



NO 



(71)(72) Applicants and Inventors: ROY, Sumit [IN/NO]; Rik- 
shospitalet, Pilestredet 32, N-0027 Oslo (NO). FOSSE, 
Erik [NO/NO]; Rikshospitalet, Pilestredet 32, N-0027 Oslo 
(NO). 

(74) Agent: ONSAGERS PATENTKONTOR - DEFENSOR AS; 
P.O. Box 265 Sentrum, N-O103 Oslo (NO). 



(81) Designated States: AE, AL, AM, AT, AU, A2, BA, BB, BG 
BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, Gb! 
GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, 
KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, 
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, 
SK, SL. TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZA, 
ZW, ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ, 
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, TJ, TM), European patent (AT, BE, CH, CY, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, 
NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: METHOD AND DEVICE FOR SUTURLESS ANASTOMOSIS 
(57) Abstract 



The invention is related to 
devices and methods for sutur- 
less anastomosis between tubu- 
lar organs comprising at least 
one tubular member (1); where 
said tubular member is provided 
with a longitudinal slit which per- 
mits introduction of the organs 
to be anastomosed in the device. 
Additional tubular members may 
be present in physical continuity 
with tubular member (1) or inde- 
pendant of it. Said tubular mem- 
ber allows apposition of the two 
tubular organs to be anastomosed 
in a variety of spatial patterns and 
their fixation to each other with- 
out sutures or clips, either man- 
ually or via remote control, and 
the creation of luminal continu- 
ity between them. 
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Method and device for suturless anastomosis 

The present invention relates to a support device for use in suturless 
anastomosis procedures, and a method for performing suturless anastomosis. 
The method according to the invention will be referred to in the present 
specification as IKF-IS technique (Institutt for Kirurgisk Forskning - 
Intervensjonssenteret). 

The risk inherent in the performance of conventional cardiopulmonary bypass 
grafting (CABG) and the relatively frequent need for reintervention after 
percutaneous transluminal coronary angioplasty (PTCA) have caused a rising 
interest in developing thoracoscopy assisted procedures that combine the 
patient- friendly nature of PTCA with the durable benefits offered by CABG. 

Three approaches are currently undergoing evaluation, none of which 
eliminate the need for both cardiopulmonary bypass and thoracotomy. As these 
two procedures represent the primary causes of morbidity after CABG, there is 
an urgent need for developing a minimally invasive procedure that can be 
performed on a beating heart, entirely under endoscopic-fluoroscopic 
guidance. 

The IKF-IS technique has been envisaged to meet this need. 

An important feature of this technique is that its use is not limited to the 
coronary arteries. An IKF-IS anastomosis can be done in any vascular area 
within reach of an endoscope. The range of use includes also extravascular 
tubular structures such as the esophagus, intestines, ureter, biliary ducts and 
fallopian tubes. 

Suturless anastomosis of vessels is not a new concept. A large number of 
anastomosis devices has been described in literature, though few of them have 
passed the test of time. 

Structurally sound anastomosis between vessels can be rapidly established 
simply by apposing the vessel ends with interlocking external collars. 

GB-B-1.413.191 describes a device for the eversion of hollow organs and a 
vascular stapling instrument incorporating same. The device optionally 
comprises a rigid bush with a longitudinal slot or a rigid split bush comprising 
two pivotally connected half-bushes which can be mechanically disengaged 
from each other. The bush forms an integral part of an instrument used to evert 
the cut edges of the limbs of the tubular organ to be anastomosed and 
temporarily approximate them so as to facilitate suturing or placement of clips 
that will hold the edges together. When the clips are in place, the instrument 
and the bush are removed. Thus the device simply acts as an aid to the creation 
of an anastomosis and in no way removes the drawbacks to using sutures and 
clips for creating anastomoses. 



«' 



WO 99/48427 



2 



PCT/NO99/00093 



US-A-4.9 17.087 describes devices, kits and methods for non-suture end-to-end 
and end-to-side anastomosis that employ tubular connection members having 
clip retaining elements and spring clips which comprise a ring-shaped body 
with separable opposed ends whereby a circular opening defined by the body 
5 can be enlarged. 

Unfortunately, these anastomosis devices and others available today were 
designed for use at open surgery and are not appropriate for endoscopic 
placement. 

EP-A-781.528 describes a fastener for connecting severed blood vessels. The 

10 device has a plurality of miniature barbs which pierce the wall of the blood 
vessel and anchor the fastener in place. In one embodiment the fastener 
comprises a sheet provided on one of its surfaces with a plurality of barbs, the 
sheet can be rolled to a diameter smaller than that of the blood vessel, inserted 
into the blood vessel and unrolled so that the barbs pierce and anchor in the 

15 inner wall of the blood vessel. The sheet can alternatively be wrapped round 
the blood vessel so that the barbs pierce and anchor to the outer wall of the 
blood vessel. The bond strength of the device as tested is not adequate for 
clinical use, because the biologic response is not appropriate or the design does 
not provide the structural strength to tolerate the expected loading forces 

20 (whether in shear or in tension is not specified in the document) at the interface 
between the device and the vessel surface. The penetration of the vessel wall 
by the barbs on the device can cause separation of the layers of the vessel wall, 
which in turn can lead to thrombus formation or dissection at the site. The 
damage to the vessel wall would logically be even more severe if the size of 

25 the barbs is increased. Barbs which spontaneously retract, will leave behind 

holes in the vessel wall from which bleeding could occur. From the description 
provided in claims 1 and 2, it does not seem possible that these embodiments 
of the device lend themselves to use via an endoscope. Besides, it is unclear 
how the barbs will be prevented from inadvertedly engaging the adjacent 

30 overlying layer as the device is being unfolded by the balloon. 

Furthermore WO 98/52474, WO 94/27506, demonstrate devices for 
performing anastomosis, with and without eversion of the blood vessel 
respectively, while US-A-5,254,1 13 describes the use of strips for anastomosis 
of intestines. None of these publications do, however, describe a sleeve and 
35 use of a sleeve to evert the blood vessels, use of a transitional temperature 
range (TTR) material in an anastomosis device and an anastomosis device 
provided with metal collars. In addition, the use of these devices involves the 
retention of an intraluminal foreign body after anastomosis creation in direct 
contradiction to the invention in the present application. 

40 An alternative method that has recently been successfully used for coronary 
artery bypass grafting on a beating heart is the Tulleken technique. By the 
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incorporation of excimer laser arteriotomy , this technique permits the creation 
of end-to-end bypass without interrupting flow in the diseased vessel. However 
at its present stage of development, performance of a Tulleken anastomosis via 
an endoscope is not feasible. The high costs related to the use of excimer lasers 
5 further restrict the benefits of the Tulleken technique from the perspective of 
minimally invasive coronary artery surgery. 

The object of the present invention is therefore to provide a device that permits 
creation of a suturless anastomosis between vessels via an endoscope. This 
object is achieved by means of a device comprising at least one tubular 
10 member, and characterized in that the tubular member is provided with a 

longitudinal split, which split permits introduction of the anastomosed vessels 
in the device, and the device is adapted for attachment to the vessel without 
any damage to the vessels 1 walls. 

The need for suturing is entirely eliminated by the invention, reducing danger 
15 of vascular trauma. 

The anastomosis is externally supported by the device according to the 
invention, this reduces the risk of acute structural failure, delayed aneurysm 
formation and in the presence of compliance mismatch, improves the long- 
term patency rate. 

20 The invention will be explained in more detail with the help of the following 
drawings, where: 

Fig. 1 and 2 show first (Type la) and second (Type lb) embodiments of the 
invention for performing end-to-side anastomosis; 

Fig. 3 shows a third (Type II) embodiment of the invention for performing 
25 end-to-side anastomosis; 

Fig. 4 shows a fourth (Type III) embodiment of the invention for performing 
end-to-side anastomosis; 

Fig. 5 shows a fifth embodiment of the invention for performing end-to-end 
anastomosis; 

30 Figs. 6A and 6B show sixth and seventh embodiments of the invention for 
performing end-to-side anastomosis; 

Figs. 7A and 7B show eigth and ninth embodiments of the invention for 
performing end-to-side anastomosis; 

Fig. 8 shows a cross-section of a first alternative joint of the split's edges; 
35 Fig. 9 shows a cross-section of a second alternative joint of the split's edges; 
Fig. 10 shows a third alternative of the split's edges; 
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Fig. 1 1 shows a first alternative embodiment of the fixation sleeve; 

Figs. 12A, 12B and 12C show second alternative embodiment of the fixation 
sleeve, and an alternative embodiment of the inner collar and of the 
anastomosis device; 

Figs. 13-20 illustrate an externally stented end-to-side anastomosis by means 
of the device according to the invention for outflow vessels that cannot be 
circumferentially dissected; 

Figs. 21-24A and 24B illustrate an externally stented end-to-side anastomosis 
by means of the device according to the invention for outflow vessels which 
can be circumferentially dissected; 

Figs. 25-32 illustrate an externally stented end-to-side anastomosis by means 
of the device according to the invention. 

Fig. 33-37A and 37B illustrate an externally stented end-to-side anastomosis 
by means of the device according to the invention. 

Fig. 38-39A and 39B illustrate an externally stented end-to-side anastomosis 
by means of the device according to the invention. 

Fig. 40-46 illustrate an externally stented end-to-end anastomosis by means of 
the device according to the invention. 

Fig. 1 shows a first embodiment of the invention to be used if circumferential 
dissection of the outflow vessel is not possible (e.g. in coronary artery 
bypass). This embodiment of the invention shows a first tubular member 1 
and a second tubular member 2, where the first tubular member 1 is provided 
with a longitudinal split 3. The split 3 is wide and the edges are not in 
contact. This characteristic allows use of this embodiment of the invention in 
cases where the outflow vessel cannot be circumferentially dissected, by 
placing the first tubular member as a "cap" on the vessel. The second tubular 
member 2 is attached on the side of the first tubular member 1 opposite the 
split. In this embodiment of the invention, the second tubular member does 
not show a split. 

Fig. 2 shows a second embodiment in which the first member is a flat sheet. 

Fig. 3 shows a third embodiment of the invention to be used if circumferential 
dissection of the outflow vessel is possible. This embodiment of the invention 
is similar to the embodiment in Fig. 1 except that the second tubular member 2 
is split too and it is attached to the first tubular member 1 in such a way that 
both splits are in contact. The whole device is "hinged" round a longitudinal 
line in tubular member 1 lying opposite to the split 3. The term "hinged" in this 
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case is to be understood as a minimum separation of the splits 1 3 edges, that 
otherwise are in contact. 

Fig. 4 shows a fourth embodiment of the invention adapted for performing 
end-to-side anastomosis, and where the tubular members 1 and 2 are parallel, 
and have splits 3 and 3' respectively, the tubular members 1 and 2 can have 
different diameters (a,b) depending on the size of the vessel to be 
anastomosed. Split 3' is a longitudinal split along the common central plane of 
the device. The two halves of members 1 and 2 can be distracted perpendicular 
to the longitudinal axis without plastic deformation. Edges AB and CD are not 
in contact, the distance between them will vary according to the diameters of 
members 1 and 2. In an embodiment adapted for use with outflow vessels that 
cannot be circumferentially dissected, edges EF and GH are not in contact. In 
another embodiment for use with outflow vessels that can be circumferentially 
dissected edges EF and GH are in contact or overlap each other. 

Fig. 5 shows another embodiment of the invention, adapted for performing 
end-to-end anastomosis. This embodiment comprises only one tubular member 
1, with a split 3. 

Figs. 6 A and 6B show two embodiments of the inner sleeve of the IKS-IF 
anatomosis kit for performing end-to-side anastomosis. The embodiment 
comprises one tubular member without a slit with (Fig. 6A) or without (Fig. 
6B) parallel edges. 

Figs. 7A and 7B show two embodiments of the fixation sleeve of the IKS-IF 
anatomosis kit for performing end-to-side anastomosis. The embodiment 
comprises one funnel shaped tubular member without a slit with (Fig. 7 A) or 
without (Fig. 7B) parallel edges. 

Several possibilities are envisaged for the splits edge area, with the intention of 
giving the invention high flexibility in use. 

In one alternative embodiment, the apposing edges of the split are configured 
so that they mechanically lock on the application of a centripetal radial force. 
One possible configuration for this purpose is shown in fig. 8, where the edges 
show a Z-profile. 

Fig. 9 shows another possibility for connection of the splits edges. This 
possibility consists in extending the splits edges to form overlapping flaps. The 
surfaces of the flaps facing each other can be provided with a fastening 
material, e.g. Velcro strips. 

Fig. 10 shows an alternative embodiment of linear free edges of the split 
member of the anastomosis device type la illustrated in fig. 1. 
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Fig. 1 1 shows an alternative embodiment of the fixation sleeve. The cylindrical 
segment of the fixation sleeve is reinforced with a cylindrical mesh of a 
thermodynamic shape-memory metal (e.g. equiatomic nickel-titanium 
intermetallic compound such as nitinol) with transitional temperature range 
5 (TTR) slightly above normal body temperature. Below the TTR, the mesh is in 
martensitic state and its diameter greater than that of the inner sleeve to 
simplify placement. Above TTR the metal moves into austenitic state and the 
cylinder shrinks in diameter to match the inner sleeve. 

Figs. 12A, 12B and 12C illustrate alternative embodiment of the fixation and 
10 inner sleeves and anastomosis device la. Metal collars 5 are embedded in 
tubular member 2 of anastomosis device type la at its junction with tubular 
member 1, and in the corresponding edges of the inner collar (2') and the 
fixation collar (2"). After the inner sleeve is mated to the fixation sleeve and 
the latter to tubular member 2 of anastomosis device la (as illustrated in 
15 fig. 36), the collars are crimped together so that inner and fixation sleeves with 
the tubular organ sandwiched between them is secured to tubular member 2 of 
the anastomosis device. 

In a further embodiment of the anastomosis devices, a continuous wire/strip of 
a thermodynamic shape-memory metal (e.g. equiatomic nickel-titanium 

20 intermetallic compound such as nitinol) with transitional temperature range 
(TTR) slightly above normal body temperature is embedded along the free 
edge of the anastomosis device. Below the TTR, the wire frame is in 
martensitic state and hence malleable so that the device can be straightened, if 
necessary, to simplify placement. Above TTR the metal moves into austenitic 

25 state and the wire regains the shape in its memory, and the anastomosis device 
recovers its original configuration. 

In another embodiment of the invention, the outer surface of the fixation sleeve 
and inner surface of the side-arm of anastomosis device type II have ridges and 
troughs respectively (or vice versa) that engage when the side-arm is closed 
30 around the fixation sleeve. 

In yet another embodiment of the invention, the inner surfaces of the 
anastomosis device and fixation sleeve and both surfaces of the inner sleeve 
are lined with an appropriate adhesive. 

In yet another embodiment of the invention, the inner surfaces of the 
35 anastomosis device and inner sleeve are lined with appropriate pharmacologic 
agents. 

In another embodiment of the invention, the anastomosis device will be 
reinforced with a mobile, coaxial, close-fitting collar that will be drawn over 
the device to secure its closure. 
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It will be clear that any of the above mentioned embodiments can be used 
together with any embodiment of the invention. 

The invention will now be illustrated by way of examples of creation of an 
anastomosis. These examples are only illustrative and do not in any way limit 
the scope of the invention as set forth in the attached patent claims. 



Example 1 : Externally stented end-to-side anastomosis with an 
anastomosis device (type I or II [Y-shaped]) (Figs. 1-3) alone, for outflow 
vessels which cannot be circumferentially dissected (e.g. left anterior 
descending artery) 

It is assumed that the device is precoated with an single component 
adhesive or the substrate of a two component adhesive. If the device is not pre- 
coated with a single component adhesive/substrate of two-component 
adhesive, it is applied to the inner surface of the anastomosis device before it is 
introduced into the operative field. 

1 . Angiography of left anterior descending artery (LAD) is performed to 
identify the best site for anastomosis, a skin marker is placed, and the catheter 
removed (Fig. 1) 

2. Angiography of left internal mammary artery is performed to identify any 
anomaly that will hinder use of the vessel as a bypass, and the catheter is left 
in situ (Fig. 13) 

3. Left IMA is endoscopically dissected (Fig. 14) 

4. The angiography catheter in left IMA is exchanged for an angioplasty 
catheter. 

5. The angioplastic catheter is advanced in left IMA until its tip is at the site 
selected for anastomosis, the balloon is inflated. 

6. Two clip are placed on the vessel distal to the catheter tip, and the vessel 
divided in between, flush with catheter tip (Fig. 14). 

7. Left anterior descending artery (LAD) is endoscopically dissected at the 
site selected for anastomosis (Fig. 2). 

8. The stump ofleft IMA is held with a pair of forceps and drawn into the side- 
arm of a type I Y-shaped anastomosis device (Figs. 1, 15 A, 15B and 15C). 
(Modification : If a two component adhesive is being used, the appropriate 
activator is sprayed on the stump of left IMA.) 
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9. The balloon is inflated apposing the wall of left IMA to the inner surface 
of the anastomosis device (Figs. 15A, 15B and 15C). 

(Modfication: If a photopolymerizable adhesive is being used, light of an 
appropriate wavelength is beamed on the side-arm of the anastomosis device.) 

10. The balloon is deflated and the catheter withdrawn a short distance. The 
balloon is reinflated. 

11. The stump of left IMA protruding from the sidearm of the anastomosis 
device distal to the catheter tip is cut flush with the inner surface of the 
anastomosis device. 

12. The edges of the anastomosis device are distracted and the device is 
placed on the LAD. (Fig. 16). 

(Modifications : 

(i) If a two component adhesive is being used, the appropriate 

activator is sprayed on the surface of LAD prior to 
placement of the anastomosis device.) 

(ii) If a photoplymerizable adhesive is being used, light 

of an appropriate wavelength is beamed on the the 
anastomosis device after it is placed on LAD. 

(iii) If the anastomosis device is made of/reinforced with a 

thermodynamic alloy, physiologic saline at 
temperature higher than the TTR of the alloy is 
sprayed over the anastomosis device after it is placed on 
LAD. 

(iv) If a type lb anastomosis device is being used, its flat 

component is tamped down over LAD and its 
surrounding tissues.) 

13. More adhesive is sprayed along the edges of the anastomosis device, and 
on its surface (Fig. 17). 

14. A guidewire or an optical fibre is passed through the angioplasty catheter. 
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15. Using radiofrequency alternating current carried by the guidewire or a 
laser beam, the outflow vessel is perforated (Fig. 1 8). 

16. The balloon is deflated and the catheter is advanced, and the anastomosis 
dilated (Fig. 18). 

5 17. The balloon is deflated and the catheter is withdrawn into the left IMA 
(Fig. 19). 

18. The integrity of the anastomosis is endoscopically verified (Fig. 20). 

19. The angioplasty catheter is replaced with a Doppler guidewire, and 
pressure gradient across the anastomosis is measured. 

10 20. The Doppler guidewire is replaced with an angiography catheter or 
endosonography catheter and an endoluminal examination performed. . 

2 1 . Depending on the findings, a spasmolytic, thrombolytic is administered, or 
the anastomosis redilated at higher pressures. 

15 Example 2 : Externally stented end-to-side anastomosis with an 

anastmosis device (type I or II [Y-shaped]) (Figs. 1-3) alone, for outflow 
vessels which can be circumferentially dissected 

Steps 1-7 are as described above in Example 1 (Fig. 21). 

8. The balloon is inflated and the stump of left IMA cut flush with the tip of 
20 the catheter (Fig. 22). 

9. A type II Y-shaped anastomosis support device (Fig. 3) is slipped around the 
outflow vessel so that it fits snugly in the main stem of the support device (Fig. 
23). 

10. The stump of the outflow vessel is then placed in the side-arm of the 
25 support device so that it abuts the inflow vessel (Fig. 24A, 24B). The two 

halves of the anastomosis device are approximated and held thus for a few 
minutes. 
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(Modifications: 

(i) If a two component adhesive is being used, the appropriate 

activator is sprayed on the surface of both outflow and 
inflow vessels prior to approximating edges of the 
anastomosis device. 

(ii) If a photoplymerizable adhesive is being used, light 

of an appropriate wavelength is beamed on the 

the anastomosis device after the edges are approximated. 

(iii) If the anastomosis device is made of/reinforced with a 

thermodynamic alloy, physiologic saline at 
temperature higher than the TTR of the alloy is 
sprayed over the anastomosis device after the 
inflow vessel is placed in the sidearm. 

(iv) Radial compressive forces are applied to the anastomosis 

device if it is equipped with adhesive/fixation 
strips or a locking mechanism.) 

The rest of the procedure comprises steps 13-20 described above 
(Example 1), 

Example 3 : Externally stented end-to-side anastomosis with a type III 
(double-barrel) anastomosis device (Fig. 4) alone 

The same procedure is used irrespective of whether the outflow vessel can be 
circumferentially dissected. The first four steps are the same as in Example 1 . 

5. The angioplasty catheter is advanced in left IMA until its tip is at the site 
selected for anastomosis. The vessel is ligated at two sites distal to the 
catheter tip, and the vessel divided in between. 

6. LAD is endoscopically dissected at the site selected for anastomosis. 

7. The free edges of the type III anastomosis device (Fig. C) are distracted 
and it is placed on the LAD (Fig. 25). 
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(Modifications : 

(i) If a two component adhesive is being used, the appropriate 

activator is sprayed on the surface of LAD prior to 
placement of the anastomosis device. 

(ii) If the anastomosis device is made of/reinforced with a 
thermodynamic alloy, physiologic saline at temperature 
higher than the TTR of the alloy is sprayed over the 
anastomosis device after it is placed on LAD.) 

(iii) Radial compressive forces are applied to the anastomosis 
device if it is equipped with adhesive/fixation strips or a 
locking mechanism.) 

8. The ligated stump of left IMA is held with a pair of forceps and drawn into 
the vacant limb of the anastomosis device (Fig. 26). 

(Modification: 

(i) If a two component adhesive is being used, the 

appropriate activator is sprayed on the stump of left 
IMA.) 

9. The balloon is inflated apposing the external surface of IMA with the 
external surface of LAD and the luminal surface of the anastomosis device, 
facilitating the formation of cohesive adhesive bonds between them (Fig. 27). 

(Modfication: 

(i) If a photopolymerizable adhesive is being used, light 
of an appropriate wavelength is beamed on the 
anastomosis device. 

10. More adhesive is sprayed along the edges of the anastomosis device, and 
on its surface (Figs. 28A and 28B). 

11. The balloon is deflated and the catheter is withdrawn a short distance. 
The balloon is inflated and a torque-controlled guidewire introduced through 
the catheter (Fig. 29). 
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12. Using radiofrequency alternating current carried by the guidewire, the 
adherent walls of IMA and LAD are perforated and the wire advanced to a 
secure position in the latter (Fig. 29). 

13. The balloon catheter is advanced into LAD. The balloon is inflated to 
dilate the anastomosis. The balloon is deflated and the catheter is withdrawn 
into left IMA (Fig. 30). 

The rest of the procedure comprises of steps 13-20 described in example 1 
(Figs. 31, 32). 



Example 4 : Externally stented end-to-side anastomosis with an IKF-IS 
anastomosis kit (Figs. 1, 6A, 6B, 7A, 7B), for outflow vessels which cannot 
be circumferentially dissected (e.g. left anterior descending artery) 

It is assumed that the components of the kit are precoated with an single 
component adhesive or the substrate of a two component adhesive. If they are 
not pre-coated with a single component adhesive/substrate of two component 
adhesive, it is applied before the various components of the anatomosis kit are 
introduced into the operative field. 

Steps 1-7 are as in Example 1 . 

8. The stump of left IMA is held with a pair of forceps and drawn into an 
inner sleeve (Figs. 33A, 33B, 33C). 

9. The balloon is inflated apposing the wall of left IMA to the inner surface 
of the inner sleeve (Figs. 6A and 6B). 

10. While the inner sleeve is held in position a fixation sleeve (Figs. 7A, 7B) 
is drawn over it everting free edge of left IMA and fixing it to the outer 
surface of the inner sleeve (Fig. 34). 

(Modfications: 

(i) If a two-component adhesive is being used, activator is 
sprayed on the inner sleeve before the fixation sleeve 
is placed. 
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(ii) If the fixation sleeve is made of/reinforced with a 

thermodynamic alloy, physiologic saline at 
temperature higher than the TTR of the alloy is 
sprayed over the sleeve after it is drawn over the inner 
sleeve. 

(iii) If the inner and fixation sleeves have metal collars, they 

are crimped securing the sleeves to each other.) 

11. The fixation collar carrying the inflow vesssel is inserted into the sidearm 
of a type I anastomosis device (Fig. 36). 

(Modfications: 

(i) If a two-component adhesive is being used, activator is 

sprayed on the fixation sleeve before it is placed in the 
side-arm. 

(ii) If a photopolymerizable adhesive is being used, light of 

the appropriate wavelength is beamed on the 
sidearm. 

(iii) If the the fixation sleeve and the side-arm of the 

anastomosis device have metal collars, they are 
crimped securing the sleeves to each other.) 

The rest of the procedure comprises steps 13-20 described under 
example 1 (Figs. 35, 37A, 37B). 



Example 5 : Externally stented end-to-side anastomosis with an IKF-IS 
anastomosis kit (Figs. 3, 6A, 6B, 7 A, 7B), for outflow vessels which can be 
circumferentially dissected 

Steps 1-10 are the same as for example 4. 

1 1. A type II anastomosis device is slipped around the outflow vessel so that 
it lies snugly in the stem of the anastomosis device (Fig. 38). 

12. The fixation sleeve carrying the inflow vessel is then placed in the side- 
arm of the anastomosis device such that it abuts the outflow vessel. The two 
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halves of the anastomosis device are approximated and held thus for a few 
minutes (Figs. 39A, 39B). 

(Modifications: 

(i) If a two component adhesive is being used, the appropriate 

activator is sprayed on the surface of both outflow and 
inflow vessels prior to approximating edges of the 
anastomosis device. 

(ii) If a photoplymerizable adhesive is being used, light of an 

appropriate wavelength is beamed on the the anastomosis 
device after the edges are approximated. 

(iii) If the anastomosis device is made of/reinforced with a 

thermodynamic alloy, physiologic saline at 
temperature higher than the TTR of the alloy is 
sprayed over the anastomosis device after the 
inflow vessel is placed in the sidearm. 

(iv) Radial compressive forces are applied to the anastomosis 

device if it is equipped with adhesive/fixation strips or a 
locking mechanism). 

The rest of the procedure comprises steps 13-20 of Example 1. 

Example 6: Externally stented end-to-end anastomosis. 

It is assumed that the anastomosis device/components of anatomosis kit 
are precoated with an single component adhesive or the substrate of a two 
component adhesive. If the device is not pre-coated with a single component 
adhesive/substrate of two-component adhesive, it is applied to the inner 
surface of the anastomosis device before it is introduced into the operative 
field. 

1 . Angiography of the outflow vessel is performed to identify the best site 
for anastomosis, skin marker placed, and catheter is removed. 

2. Angiography of the inflow vessel is performed to identify any anomaly 
that will hinder use of the vessel as a bypass. 
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3. The inflow vessel is endoscopically dissected. 

4. The angiography catheter is exchanged for a triple-lumen, double-balloon 
catheter which is advanced till its distal balloon lies astride the site selected 
for anastomosis. The balloon is inflated and its midpoint marked on the 

5 adventitia. A clip is placed on the vessel distal to the balloon (Fig. 40). 

5. The proximal balloon is inflated and the distal balloon deflated. The vessel 
is divided at the site marked on the adventitia (Fig. 41). 

6. The outflow vessel is endoscopically dissected and a clip placed on each 
side of the site selected for anastomosis. The vessel is divided between the 

10 clips (Fig. 42). 

7. The inflow and outflow vessels are aligned along a common longitudinal 
axis (Fig. 43). 

8. The balloon catheter is introduced into the lumen of the outflow vessel and 
advanced until the divided edges of the two vessels abut against each other 

15 (Fig. 43). The distal balloon is inflated. 

9. The anastomosis device is slipped around the vessels and gently tamped 
against the inflated balloon (Fig. 44). 

(Modifications : 

(i) If a two component adhesive is being used, the appropriate 
20 activator is sprayed on the surface of the outflow and 

inflow vessels prior to placement of the anastomosis 
device. 

(ii) If a photopolymerizable adhesive is being used, light of an 

appropriate wavelength is beamed on the anastomosis 
25 device after placement. 

(iii) If the anastomosis device is made of/reinforced with a 

thermodynamic alloy, physiologic saline at 
temperature higher than the TTR of the alloy is 
sprayed over the anastomosis device after it is 
30 placed. 



WO 99/48427 



16 



PCT/NO99/00093 



(iv) Radial compressive forces are applied to the anastomosis 
device if it is equipped with adhesive/fixation strips or a 
locking mechanism). 

10. More adhesive is sprayed along the seam of the anastomosis device and 
its edges and on its surface (Fig. 45). 

11. Both balloons are deflated and the catheter withdrawn proximal to the 
anastomosis (Fig. 45). The integrity of the anastomosis is endcoscopically 
verified (Fig. 46). If deemed necessary the pressure gradient across the 
anastomosis is measured followed by sonographic or radiographic 
examination. Depending on the findings, a spasmolytic or thrombolytic will 
be administered. 

Based on the creation of a suturless anastomosis under videoendoscopic- 
radiographic guidance, the IKF-IS technique represents an original concept 
that has this far not been investigated. If the underlying hypothesis proves to 
be right, it could be the first procedure in a whole new family of minimally 
invasive reconstructive procedures that could be used in coronary circulation 
areas, in other vascular areas of the body and also at extravascular locations 
such as the oesohagus, intestines, ureter, biliary ducts and fallopian tubes. 

About 900-1000 percutaneous coronary angioplasties per million inhabitants 
are performed annually in North America and Western Europe. Approximately 
half of these are related to a diseased left anterior descending artery and can be 
treated by means of the IKF-IS technique. The IKF-IS procedure can also be a 
substitute for coronary bypass grafting (300.000 procedures/year in the US) 
when the culprit lesion lies in the left anterior descending artery. In addition a 
substantial number of patients with multivessel disease can also benefit 
because the IKF-IS technique being radiographically guided can be easily 
combined with percutaneous angioplasty. 

The above mentioned IKF-IS technique offers a simple, inexpensive option 
that can be used with endoscopic- fluoroscopic guidance. Antegrade flow in the 
outflow vessel will be stopped for only a few seconds, reducing the possibility 
of ischaemic complications. Restrain of the cardiac motion at the anastomosis 
is unnecessary, and thus expensive custom-made instruments or creation of 
cardioplegia and cardiopulmonary bypass are avoided. 
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Ostial stenosis reported as a consequence of use of laser in e.g. the Tulleken 
technique may not represent a problem because the anastomosis is created by 
means of pneumatic dilation. 

There is a clear need in the market for devices according to the invention that 
make performance of suturless anastomosis in a safe and inexpensive way 
possible. 
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PATENT CLAIMS 

1 . Device for suturless anastomosis between tubular organs comprising at 
least one tubular member (1), 

characterized in that said tubular member (1) is provided with a 
longitudinal split (3) which permits introduction of the anastomosed organs 
in the device, and said device is adapted for attachment to the organs without 
any damage to the organs' walls. 

2. Anastomosis device according to claim 1, 

characterized in that the tubular member (1) is provided with flaps 
along the endges of the split (3). 

3. Anastomosis device according to claim 1, 

characterized in that the tubular organs are selected from the group 
comprising blood vessels and extravascular tubular structures such as the 
esophagus, intestines, ureter, biliary ducts, fallopian tubes, etc. 

4. Anastomosis device according to claim 3, 

characterized in that it further comprises one or several second 
tubular members (2). 

5. Anastomosis device according to claim 4, 

characterized in that the second tubular member is on one or both 
sides provided with a collar of thermodynamic shape memory metal or 
polymer. 

6. Anastomosis device according to claim 5, 
characterized in that the first and second tubular members are 
coplanar. 

* 

7. Anastomosis device according to claims 4-6, 

characterized in that the second tubular member (2) is arranged on 
the area of the first tubular member opposite the split (3). 

8. Anastomosis device according to claim 7, 

characterized in that the second tubular member is provided with a 
split. 
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9. Anastomosis device according to claim 8, 
characterized in that the splits in the first and second tubular 
members (1,2) are in correspondence. 

10. Anastomosis device according to claim 6, 

5 characterized in that the first and second tubular members are 
parallel. 

1 1 . Anastomosis device according to any of the preceding claims, 
characterized in that the tubular members (2 ! , 2") coaxially fit 
within the tubular member (2) of the anastomosis device in telescopic 

10 fashion, and that leading edges of these tubular members and the edge of 

tubular member (2) in contact with tubular member 1 are provided with 
biocompatible metal collars, wherein, the innermost metal collar is most 
resistant to physical deformation. 

12. Anastomosis device according to any of the preceding claims, 

15 characterized in that the splits edges are configured to mechanically 
lock on the application of a radial force, e.g. with a Z-profile. 

13. Anastomosis device according to any of claims 1-11, 
characterized in that the splits edges form overlapping flaps and that 
the surfaces of the flaps facing each other are provided with a fastening 

20 material, e.g. Velcro. 

14. Anastomosis device according to any of claims 1-11, 
characterized in that the device is provided along its free edges with 
a continuous strip of a thermodynamic shape-memory metal with transitional 
temperature range above normal body temperature. 

25 15. Anastomosis device according to any of claims 1-11, 

characterized in that the inner surface of the device is lined with an 
appropriate adhesive. 

1 6 . Anastomosis device according to any of claims 1-11, 
characterized in that the device is reinforced with a mobile, coaxial, 

30 close-fitting collar that will be drawn over the device to secure its closure. 

17. Use of an anastomosis device according to the invention for 
performing suturless anastomosis of two vessels. 
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18 . Method for external-supported anastomosis of two tubular organs, 
characterized in that it comprises the following steps: introduction 
of a first organ into a tubular member (1) through a longitudinal split (3) in 
the tubular member, introduction of a second organ in a second tubular 
member, adhesion of the organs to the walls of the tubular members, and 
creation of a fluid connection between the organs. 

19. Method for external-supported side-to-side or end-to-side anastomosis 
of two organs, 

characterized in that it comprises the following steps: wrapping of a 
first tubular member (1) around a first organ, introduction of a second organ 
in a parallel tubular member (2), in physical continuity with the first tubular 
member (1), adhesion of the organs to the walls of the tubular members, and 
creation of a fluid connection between the organs. 

20. Method for externally-supported end-to-side anastomosis of two 
organs, 

characterized by the following steps: introdution of an organ into a 
tubular member (1) through a longitudinal slit in the tubular member, 
introduction of a second organ into a coaxial series of tubular members, 
introduction of this coaxial series of tubular members (2\ 2") into the tubular 
member physically contigous with tubular member (1), and creation of a 
fluid connection between the organs. 

21. Method for external supported end-to-end anastomosis of two organs, 
characterized in that it comprises the following steps: introduction 
of a first organ into a tubular member (1) through a longitudinal split (3) in 
the tubular member, introduction of a second organ in the same tubular 
member, adhesion of the organs to the walls of the tubular members, and 
creation of a fluid connection between the organs. 

22. Method for performing suturless anastomosis of two organs, 
characterized by the features described in the specification. 



WO 99/48427 



PCT/NO99/00093 



1/23 





Fig. 2 



WO 99/48427 



PCT/NO99/00093 




Fig. 3 




WO 99/48427 PCT/NO99/00093 



3/23 




1 




Fig. 5 




Fig. 6a Fig. 6b 




Fig. 7a Fig. 7b 



WO 99/48427 



PCT/NO99/00093 



4/23 




Fig. 11 





Fig. 13 



WO 99/48427 



PCT/NO99/00093 



6/23 



Left IMA 







LAD 




Fig. 14 



WO 99/48427 



8/23 



PCT/NO99/00093 




Fig. 16 




Fig. 17 




PCT/NO99/00093 




Fig. 18 




Fig. 19 



PCT/NO99/00093 

> 

10/23 




Fig. 20 



WO 99/48427 



PCT/NO99/00093 



11/23 



m 
m 

• .* * .• * 



.•V-'V.* 

• ,» •• • 

v-V 



Inflow 
vessel 




Fig. 21 



Inflow 
vessel 



• / *. ,• *. *. •. \ f\*\ .• % 



Outflow vessel 





Fig. 22 



WO 99/48427 PCT/NO99/00093 



12/23 



mm 




I 



.• »*> *.• t> ••„• 

.'• *A \". */• • % • 

• .*•« •*.• .•»• t} .*;• 

■. - • % • •. « •■ # . • \ % f,% 




Fig. 23 



- 




#V#&few. ... . 





Fig. 24a 



WO 99/48427 



PCT/NO99/00093 



13/23 




Fig. 24b 



WO 99/48427 



PCT/NO99/00093 



14/23 




/ 



LAD 




Fig. 25 




Fig. 26 




Fig. 27 



WO 99/48427 PCT/NO99/00093 



15/23 




Fig. 29 



WO 99/48427 



16/23 



PCT7NO99/00093 




Fig. 32 



WO 99/48427 



PCT/NO99/00093 

17/23 




WO 99/48427 



18/23 




Fig. 35 




Fig. 36 



WO 99/48427 



19/23 



PCT/NO99/00093 




N < /..>.v«V. y 1 ;.;/.;.V..> 



Fig. 37a 



-A 0 



■*•.".•♦."• ♦.""•."* ■.'«• C • ?» *?"%••%• *• • \ ' *• ■••V. •*.*• *V< %> ■*.*«; 



Fig. 37b 



(Pi 




•V. •* -V. -V. 



Fig. 38 



WO 99/48427 



PCT/NO99/00093 



20/23 




Wmmmm. 



\ 



i 



HP** 



Fig. 39b 



WO 99/48427 



21/23 



PCT/NO99/00093 




t 



• •/"•V.'-'V.;'.. 




% /^\'.-;V-;.VV.;/. •*.•.-•.- :-.V 



Inflow vessel 



Fig. 40 



< Xc— » 



Inflow vessel 



Fig. 41 




-';,v/.-/.-.--<-cs 



Outflow vessel 



Fig. 42 



WO 99/48427 



PCT/NO99/00093 



22/23 





Inflow vessel- 



a ■ . • , « * ■ , * 




- Outflow vessel 



Fig. 43 



♦ «.* % .*"■•••«•«. » 




Inflow vessel 



»«•••■»• 



» ft • ■ ♦ * 

/•YV-V 



Outflow vessel 



Fig. 44 



( 



Inflow vessel 



Outflow vessel 



Fig. 45 



WO 99/48427 



PCT/NO99/00093 



23/23 



, • *. .« •. .« *. *. .• •. ,« *. g \ * 

y/y/y/y/y/y/y/^^ 



• • • * * • ♦ m • » ■ * • ♦ * * • • 




Inflow vessel 



Outflow vessel 



Fig. 46 



1 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/NO 99/00093 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC6: A61B 17/11 

According to International Patent Classification (IPC) or to both national classification and IPC 

B, FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

IPC6: A61B, A61F 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


FR 1518083 A (H. PFAU-WANFRIED G.M.B.H.), 

12 February 1968 (12.02.68), page 3, column 1 
third paragraph - column 2 first paragraph 


1,3,4 


X 


EP 0824012 Al (ASSOCIATION RENE LERICHE), 
18 February 1998 (18.02.98), column 6, 
line 14 - line 56, figures 12,13 


1 


X 


US 2453056 A (W.E. ZACK), 2 November 1948 

(02.11.48), column 2, line 24 - column 3, line 50 


1 


A 




2-16 



| xl Further documents arc listed in the continuation of Box C. | y| See patent family annex. 



* Special categories of cited documents 

'A* document defining the general slate of the art which is not considered 
to be of particular relevance 

'E* erlicr document but published on or after the international filing date 

'L* document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (a? specified) 

'O* document referring to an oral disclosure, use, exhibition or other 
means 

'P* document published prior to the international filing date but later than 
the priority date claimed 



T* later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

'X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

' Y" document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 

27 Julv 1999 


Date of mailing of the international search report 

0 4 -03- 1999 


Name and mailing address of the ISA/ 

Swedish Patent Office 

Box 5055, S-102 42 STOCKHOLM 

Facsimile No. + 46 8 666 02 86 


Authorized ofliccr 

Anette Hall 

Telephone No. + 46 8 782 25 00 



Form PCT/IS A/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/NO 99/00093 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



US 3254650 A (M.B. COLLITO), 7 June 1966 

(07.06.66), column 3, line 43 - column 4, line 74 



US 5540701 A (HUGH R. SHARKEY ET AL), 30 July 1996 ' 
(30.07.96), column 5, line 9 - column 7, line 41, 
figures 1-9 



W0 9712555 A2 (CEDARS-SINAI MEDICAL CENTER), 
10 April 1997 (10.04.97), page 23, 
line 12 - page 25, line 11, figures 10,11 



WO 9747261 Al (BETH ISRAEL DEACONESS MEDICAL 

CENTER), 18 December 1997 (18.12.97), page 41, 
line 31 - page 43 



WO 9727898 Al (TRANSVASCULAR, INC.), 7 August 1997 
(07.08.97), page 15, line 33 - page 36, line 21, 
figures 1-9 



Relevant to claim No. 



i 



2-16 



1,3 



2,4-16 



1-16 



1,3 



2,4-16 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/NO99/00093 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This international search report has not been established in respect of certain claims under Article 1 7(2X'a) for the following reasons: 

I- |3 Claims Nos.: 17 

because they relate to subject matter not required to be searched by this Authority, namely: 

A method of treatment of the human or animal body by surgery or 
therapy (Article 17(2) (a) (i) and Rule 39.1(iv)). 



2 (3 Claims Nos.: 1 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 

Claim 1 searched incompletely: the features "which permits 
introduction of the anastomosed organs in the device, and said 
device is adapted for attachement to the organs without any 
damage to the organ's wall" of the claim are too general and 
elusive and are searched incompletely. The search for the.../-.. 

Box n Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 
This International Searching Authority found multiple inventions in this international application, as follows: 



!• [] As all required additional search fees were timely paid by the applicant, this international search report covers all 
searchable claims. 

2 " Q ^ aU s 631 "^ 016 claims could be searched without effort justirying an additional fee, this Authority did not invite pavment 
of any additional fee. 

3- [] As only some of the required additional search fees were timely paid by the applicant, this international search report 
covers only those claims for which fees were paid, specifically claims Nos. : 



4. Q No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Q J The additional search fees were accompanied by the applicant's protest. 
No protest accompanied the payment of additional search fees. 



Remark on Protest 



Form PCT/ISA/2 10 (continuation of first sheet (1)) (Julyl992) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/NO99/00093 



subject matter of claim 1 has only covered attachment by glue, 
adhesive, Velcro or shape memory. The claims do not comply 
with PCT Article 6, in particular with the requirement that 
''Claims shall be clear and concise". 



Form PCT/IS A/2 10 (extra sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



01/07/99 



International application No. 

PCT/NO 99/00093 



Patent document 
cited in search report 



Publication 
dale 



Patent family 
member(s) 



FR 1518083 A 



12/02/68 



NONE 



Publication 
date 



EP 


0824012 


A 1 

Al 


1 o /ao /no 


CD 

rK 




nfi/n? /qr 










us 


5893886 A 


13/04/99 


US 


2453056 

« w w W 


A 


02/11/48 


NONE 






US 


a a p j r* #\ 

3254650 


A 


07/06/66 


NONE 






US 


5540701 


A 


30/07/96 


NONE 


• 




WO 


9712555 


A2 


10/04/97 


AU 


7255796 A 


28/04/97 










EP 


0915677 A 


19/05/99 










US 


5702412 A 


30/12/97 


wo 


9747261 


Al 


18/12/97 


AU 


3295197 A 


07/01/98 










EP 


0910320 A 


28/04/99 










US 


5676670 A 


14/10/97 










US 


5797920 A 


25/08/98 


wo 


9727898 


Al 


07/08/97 


AU 


1847197 A 


22/08/97 










AU 


1847297 A 


22/08/97 










AU 


1847397 A 


22/08/97 










AU 


7431696 A 


30/04/97 














17 /04/97 










CA 


2244066 A 


07/08/97 










CA 


2244079 A 


07/08/97 










CA 


2244080 A 


07/08/97 










EP 


0879068 A . 


25/11/98 










EP 


0910298 A 


28/04/99 










WO 


9713463 A 


17/04/97 










WO 


9727893 A 


07/08/97 










wo 


9727897 A 


07/08/97 










AU 


1275997 A 


11/05/98 










wo 


9816161 A 


23/04/98 










US 


5830222 A 


03/11/98 



Form PCT/ISA/210 (patent family annex) (July 1992) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
JSj FADED TEXT OR DRAWING 

BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: • " f 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




